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The following comments are offered in support of the patentability of the instant 
invention. 

1. General comments 

The Trivax technology platform was filed in patent application in 2002. Specifically, the 
Trivax technology is a method for the treatment of a tumor comprising administering an effective 
amount of Dendritic cells (DC), that are tumor specific and secrete IL-12, which are prepared by 
a process of (a) collecting DC or DC precursor cells from a suitable source to obtain a DC 
culture, (b) loading the DC with a tumor specific antigen, and (c) exposing the DC culture to a 
concenttation of LPS and a concentration of IFN-y effective to trigger the DC to secrete IL-12, 
wherein the exposure of LPS and IFN-y occurs over a period of 2-6 hours. 

This technology was at the time of filing a step in an entirely new direction of DC cancer 
immune therapy. It was the first such strategy that suggested the therapeutic use of antigen- 
charged DCs exposed to LPS/IFN-y for enabling secretion of IL-12, a critical mediator of killer 
cell mediated immune responses. 

1,1, Critical features of the Trivax technology platform 

1.1.1. IL-12 secretion during DC/T-cell interaction 

The most critical feature of the Trivax technology platform is that the DCs are enabled to 
secrete IL-12. This is accomplished by exposure of the DCs to the TLR4 ligand LPS in the 
presence of IFN-y. IL-12 is the critical factor for type 1 polarization of an immune response. It 
supports the differentiation of helper T-cells into Thl cells, which are characterised by IFN-y 
secretion that enables cytolytic immunity mediated by CTLs. 

When a DC and T-cell interact they form an immunological synapse [Davis, Nature 
Reviews, (2009) 9:543-553]. The immunological synapse is stabilized by adhesion molecules 
facilitating interaction of antigen presenting MHC molecules with TCRs. Signaling molecules 
secreted from the DC are most active when released directly into the immunological synapse, as 
only under these conditions the local concentration reaches a magnitude sufficient to transmit a 
signal of adequate strength. Molecules secreted outside the immunological synapse will 



immediately diffuse into the surrounding tissue thus diluting the concentration of this molecule 
to levels that are not capable of signal transduction. 

Importantly, IL-12 is released from an LPS/IFN-y exposed DC for only about 24 hours 
[Kalinski, J. Immunol. (1999) 162: 3231-3236; Langenkamp, Nature Immunol, (2000) 1(4): 
311-316], To allow IL-12 to 'act on a T-cell during antigen presentation for a sufficiently long 
time it needs to be inoculated early during the 24 hour time window of IL-12 secretion 
[Felzmann, Cancer Immunol. Immunother. (2005) 54: 769-780; Hiittner, Cancer Immunol. 
Immunother. (2005) 54: 66-77]. The Trivax technology therefore requires a brief exposure to 
LPS/IFN-y initiating a maturation program in the DC that follows its natural course even after 
removal of the stimulatory agents. None of the cited references suggest or would motivate one of 
skill in the art to provide limited exposure in that specific time window. Obviously, after 
inoculation into a patient there is no way of maintaining the soluble molecules LPS and IFN-y in 
the vicinity of the DCs. Ultimately it was demonstrated that LPS and IFN-y could be removed 
after 6 hours in vitro exposure without disrupting the maturation process of the DCs [Dohnal, J. 
Cell. Mol. Med. (2009) 13(8B): 1741-1750]. 

Most importantly, IL-12 secretion was not impaired in DCs when LPS/IFN-y was 
withdrawn in comparison with DCs that were cultured continuously in the presence of the 
maturation agents. This was the prerequisite for an inoculation of Trivax after 6 hours maturation 
and hence for a DOT-cell interaction during the time window of IL-12 secretion [Dohnal, 
Cytotherapy (2007) 9(8): 755-770]. In contrast to IL-12, the cytokine IL-10 is produced for 
longer than 24 hours from DCs and will therefore become the dominant cytokine. Importantly, 
IL-10 will not support type 1 polarization of T-cells but will rather trigger the differentiation of 
immune suppressive regulatory T-cells. 

Many institutions have used DCs for immune therapy [Steinman, Nature (2007) 449: 
419-426]. Although the Trivax technology was published several years ago only a few 
institutions, including ours [see Vandeiiocht et al, Int J Immunopathol Pharmacol. 2010 Jan- 
Mar; 23(l):35-50, but then FMKp instead of LPS is used], have adopted the concept of applying 
DCs only a few hours after exposure to a maturation stimulus to take advantage of the CTL cell 
activating effects of IL-12. This indicates that this strategy, which is at the core of the Trivax 
teclmology platform [Felzmann, 2005; Hiittner, 2005], was not obvious at the time of filing the 



patent application and still is not considered obvious. In fact, many tumor immunologists 
questioned the necessity of IL-12 during T-cell stimulation for anti-tumor immune therapy. This 
is exemplified in a PubMed search conducted in January 2010 that yielded 1174 references 
containing the search terms "dendritic cell" and "clinical trial". Only 14 of these papers cross- 
reference with the search terms "LPS" or "lipopolysaccharide". On closer inspection of these few 
papers it becomes clear that only one group of investigators other than the group of the patent 
applicants [Dohnai, 2007] used LPS exposed DCs [Czerniecki, Cancer Res. (2007) 67(4): 1842- 
1852], 

Of course this may also mean, that the concept is not feasible for therapeutic purposes. 
However, in the patent application and in subsequent publications compelling evidence was 
provided that cytolytic immunity is indeed triggered by DCs manufactured according to the 
Trivax concept in vitro as well as in vivo [Felzmann, 2005; Hiittner, 2005; Dohnai, 2007; 
Dohnai, 2009]. 

1.1.2. Use of LPS in a clinical situation 

LPS represents bacterial endotoxin that is the main mediator of the severe symptoms 
of a septic situation in a generalised bacterial infection. Although in sepsis research LPS is used 
in healthy volunteers for investigating it's in vivo effects [Suffredini, J. Infectious Diseases 
(1999) 179: 1278-1282], many immunologists consider LPS too dangerous to be applied to 
humans even in trace amounts. 

Consequently, although under the search term "dendritic cell" the MH's 
www.clinicaltrials.gov platform lists 308 clinical trials exploring the use of DC immune 
therapies in January 2010, only 2 listings cross-reference with the search term "LPS" and 22 
listings with the search term "endotoxin". Actually, only 32 of these more than 300 listings for 
DC clinical trials cross-reference with the search terms ""mature" or "maturation" indicating that 
about 90% of clinical trials that investigate DCs for cancer treatment do not expose them to any 
maturation agent. More commonly used maturation agents are "CD40*" (7 listings), "TNF" (8 
listings), and "CpG" or "polylC" (4 listings), two other TLR ligands that have a similar effect on 
DCs as the interaction of LPS with its ligand TLR4. This clearly shows that although many DC 



immune therapy trials have been conducted, few investigators found it obvious or even feasible 
to use LPS for DC maturation in a clinical situation. 

1.2. Conclusion 

This review of the state of the art demonstrates beyond any reasonable doubt that it 
does not appear obvious to use DCs a few hours after exposure to a maturation stimulus to take 
advantage of the time window of IL-12 secretion, or to use LPS as a maturation agent. 
Otherwise, it seems that many more investigators would have adopted that strategy. 

2. Specific comments 

2.1. Kalinski et al. 

2.1.1. Maturation time 

Kalinski et al. [Kalinski, 1999] reported that IL-12 is secreted only during the first 24 
hours after exposure to a CD40/CD40L mediated signal in the presence of IL-lp and TNF-a. At 
no point in their paper they demonstrate or even suggest a similar time dependence for DCs 
exposed to LPS/IFN-y. The molecules involved in the CD40/CD40L signaling pathway [Luo, J. 
Clin. Inv. (2008) 115(10): 2625-2692] are entirely different from the molecules that are involved 
in the LPS signaling pathway (Figure 1). Hence, it is not obvious that a CD40/CD40L mediated 
signal will have the same effect on IL-12 secretion from DCs as an LPS mediated signal. 
Actually, it is even surprising that two entirely different signaling pathways would result in the 
same effect on IL-12 secretion. In another respect, the two signaling pathways are clearly 
different: mature DCs are still responsive to a CD40/CD40L mediated signals, whereas they 
become resistant to an LPS mediated signal [Dohnal, J. Cell. Mol. Med. (2009) 13(1): 125-135]. 
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Figure 1: IKK/NF-kB signaling pathways [Ltio, 2005]. The classical pathway is activated by a 
variety of inflammatory signals, resulting in coordinate expression of multiple inflammatory and 
innate immune genes. The alternative pathway is strictly dependent on IKKct homodimers and is 
activated by lymphotoxin p receptor (LTpR), B-cell activating factor belonging to the TNF 
family (BAFF), and CD40L. The alternative pathway plays a central role in the expression of 
genes involved in development and maintenance of secondary lymphoid organs, such as BLC, B- 
lymphocyte chemoattractant; ELC, Epstein-Barr virus-induced molecule 1 ligand CC 
chemokine; MCP-1, monocyte chemoattractant protein- 1; MlP-la, macrophage inflammatory 
protein- la; PLA2, phospholipase A2; SDF-1, stromal cell-derived factor- la; SLC, secondary 
lymphoid tissue chemokine. 



The CD40/CD40L mediated signal with or without IFN-y was not applied to immature 
DCs but rather to DCs that were already induced to mature by IL-ip/TNF-a or LPS. 



This is in stark contrast to the Trivax technology, which contacts immature DCs that have 
not received any other maturation stimulus with LPS/IFN-y. It therefore has to be concluded that 
the effects on IL-12 secretion from DCs observed by Kalinski et al. are the result of a 
combination of maturation stimuli that involve IL-lp/TNF-a or LPS and CD40/CD40L. 
(Kalinski, page 3232, col. 1, line 44-48, and legend to Figure 3). Figure 3B of Kalinski et al. 
shows IL-12 secretion of DCs but does not support any conclusions concerning the time 
dependence of IL-12 secretion from immature DCs exposed to LPS/IFN-y for 6 hours. 

Of particular significance is that in the Trivax technology the maturation agents LPS and 
IFN-y are removed after 6 hours from the DCs [Felzmann, 2005; Hutterr, 2005]. Kalinski et al. 
did not explicitly show that the maturation of DCs continues unperturbed even after removal of 
LPS/IFN-y. This feature is critical, as DCs after inoculation into a patient will no longer have 
contact with the LPS/IFN-y supplemented culture medium. In general, therefore, in vitro 
experiments that are based on the continuous presence of the maturation agents in cell culture 
media do not deliver any useful information concerning the in vivo situation. 

2.1.2. Killer cell activity 

Kalinski et al, do not study the induction of killer cell activity from DCs. They do not 
even mention the effect of DCs on the activation of killer cells. In contrast, it was clearly 
demonstrated that DCs manufactured and used according to the Trivax technology platform 
induce killer cell activity [Felzmann, 2005; Hutterr, 2005]. Thus, Kalinski et al, would not make 
obvious to one of skill in the ait the use of DCs for the treatment of diseases such as cancer or 
viral infections for which purpose the activation of killer cells is of critical importance. 

2.1.3. Antigen loading 

In the last paragraph of their paper, Kalinski et al. refer to the potential of using DCs in a 
therapeutic capacity (Kalinski, 3235, col. 2, last full paragraph). However, they specifically call 
into question whether such an approach is feasible as foetal calf serum (FCS) free cultures would 
have to be used and at the time it was not clear whether any of their observations would hold true 



under such circumstances. Furthermore, from the overall theme of the paper it is reasonable to 
conclude that this statement relates to the therapeutic use of DCs after exposure to a 
CD40/CD40L mediated signal. In contrast, it is very unlikely that they aimed this statement at 
LPS matured DCs. 

2,1.4. Conclusion 

The paper by Kalinski et al. clearly aims at investigating the effect of CD40/CD40L 
mediated signals on IL-12 secretion in DCs that are pre-matured with IL-lp/TNF-a or LPS 
without IFN-y. There is not a single reference in the entire paper that indicates that the activity of 
IL-12 secretion in DCs exposed to LPS/TFN-y might have a time related activity comparable to 
DCs receiving a CD40/CD40L mediated signal. Thus, it is clearly not obvious to conclude from 
Kalinski et al. the use of LPS/IFN-y exposed IL-12 secreting DCs in a therapeutic capacity. 

2.2. Bosch 

2.2.1. T-cell immune therapeutic 

The invention of Bosch aims at manufacturing T-cells in vitro that are type 1 polarized. 
In claims 36-40, the T-cells will be administered to an animal or human after in vitro co- 
cultivation with DCs. There appears to be no intention of using DCs in the capacity of an anti- 
tumor immune therapeutic. 

2.2.2. Exclusive use of 24 hours DCs 

In paragraph 63 and again in paragraph 78, Bosch mentions that immature DCs were 
contacted with BCG and IFN-y for 24 hours. The claims section does not specify for how long a 
DC has to be exposed to the maturation agent and one has therefore to assume that the claims are 
based on DCs matured for 24 hours. All examples use such DCs to trigger T-cell responses. 

Again, it is critical to realize that IL-12 is produced from DCs for less than 24 hours after 
exposure to any maturation agent including microbial signals such as those delivered from LPS 



or BCG but also after receiving a CD40/CD40L mediated maturation signal [Kalinski, 1999; 
Langenkamp, 2000]. Therefore, if DCs are matured first for 24 hours or longer and than co- 
cultivated with T-cells, no more IL-12 production may be detected. Therefore, the claim of 
Bosch that the observed beneficial effect on T-cell stimulation is due to IL-12 is unsustainable. 

The observations may be due to an in vitro artifact: the IL-12 protein secreted from the 
DCs remains inside a culture vessel and accumulates during the first 24 hours in the cell 
supernatant. In an organism, the IL-12 released from a DC immediately diffuses away. The 
microenvironment of the DC/T-cell interaction and the immunological synapse is devoid of IL- 
12 and no IL-12 mediated immune modulation is possible. If T-cells are added to a culture of 
DCs that had the chance to accumulate IL-12 for 24 hours in the supernatant, effects may be 
observed that might be attributed to accumulated but not freshly secreted IL-12 and which in 
vivo would never occur 24 hours after exposure to the maturation stimulus. Hence, the method 
demonstrated by Bosch follows exactly the state of the art at the time of publication: it was the 
general practice to expose DCs to a maturation stimulus for 24-48 hours. 

Particularly when DCs are used in the capacity of a cancer vaccine one needs to take into 
consideration the time dependent IL-12 secretion. If a DC cancer vaccine is applied to a patient 
24 hours or later after receiving the maturation signal, an interaction of DCs with T-cells in vivo 
has necessarily to take place in the absence of IL-12 and therefore, immune modulation by IL-12 
in vivo will not correspond to observations in vitro. In addition, and as outlined above, DCs need 
to continue their maturation program triggered by LPS/IFN-y even after removal of these 
reagents after 6 hours. No such demonstration is available except in the experiments leading to 
the Trivax technology [Felzmann, 2005; Hiittner, 2005]. 

2.2.3. Conclusion 

The invention of Bosch aims at using DCs not in a therapeutic capacity but rather for in 
vitro priming of T-cells. This makes it an entirely different technology that is not comparable to 
the direct use of DCs in immune therapy. In addition, as everybody else, Bosch uses DCs that 
have lost the capacity to secrete IL-12, which is the central and still unique characteristic of the 
Trivax technology platform. 



3. Summary 

In hindsight, it may seem obvious to use IL-12 secreting DCs but at the time of filing this 
patent application this was a radical innovation as no other group had applied the kinetic of IL-12 
secretion to the design of a DC immune therapeutic. In fact, as outlined in the introduction, even 
now the field of tumor immune therapy has not adopted this strategy. This was and is further 
enforced by the common belief that it would be impossible to use endotoxins in a therapeutic 
situation. 

The undersigned hereby declares that all statements made herein based upon knowledge 
are true, and that all statements made based upon information and belief are believed to be true; 
and further, that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 
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